ABSTRACT
Priced Managed Lanes (MLs) present travelers with the option to pay a toll or meet certain other 2 requirements to travel on the generally faster MLs. These lanes exist in many cities across the 3 United States and are becoming more common as transportation agencies look for innovative 4 ways to increase capacity and regulate demand for their roadways. The most common form of 5 priced MLs is high occupancy/toll (HOT) lanes, on which high occupancy vehicles (HOVs) can 6 travel for free or a reduced price but single occupancy vehicles (SOVs) must pay a toll-- 7 examples include I-15 in San Diego, I-35 in Minnesota, I-85 in Atlanta, I-495 in Northern 8 Virginia, Katy Freeway in Houston, and North Tarrant Express in Dallas-Ft. Worth. 9 On a number of dimensions managed lanes have been successful. I-495, I-95 in Florida, 10 and NTE have all reported substantial increases in throughput and decreases in corridor 11 congestion following the addition of MLs (1). The revenue generated by priced MLs supports 12 numerous initiatives, usually being reinvested in the corridor upkeep, supporting alternative 13 transportation options, and repaying the cost of construction.
14 By design, MLs present users of a corridor with a simple choice: choose the generally 15 slower-moving General Purpose Lanes (GPLs) or pay a toll to travel on the generally faster MLs. 16 Understanding how drivers value, compare, and choose between these two alternatives now and 17 in the future is a critical consideration in ML investment decisions, pricing strategies, and policy. 18 Research into travelers' use of MLs to date has focused on the individual's willingness to 19 pay a toll to realize travel time savings. ML choice models focus on the trade-off between price 20 (the toll) and value (usually, reduced travel time). More recently, researchers often include travel 21 time reliability, arguing that all else equal, travelers will pay for a more consistent travel 22 experience. These hypotheses were confirmed by surveys of travelers who would, on paper, pay 23 reasonable toll amounts to save time and improve their travel time reliability. 24 This basic model is built on logical, sensible assumptions and is workable in a limited 25 data environment where planners need few inputs beyond demographics, speed measurements, 26 and traffic counts. However, there now exist a few ML freeways where trip data is available 27 from both the GPLs and MLs, capturing individual traveler choices over a long time horizon.
28 Surprisingly, these revealed choices do not confirm earlier hypotheses regarding lane choice. 
36
• Travelers that did use both sets of lanes (termed "choosers") often made choices that 37 appeared counter intuitive based on travel time savings and toll rate. 38 39 This paper first reviews the state of the practice around ML use models, with a particular 40 emphasis on how traveler lane choice is considered. The dataset and analysis is then introduced; 41 a line of inquiry is followed and results noted. The paper concludes with highlights of this 42 research and the authors' thoughts on how to proceed. 43 
44

LITERATURE REVIEW
45
VOT studies have found a strong relationship between the traveler's hourly wage rate and 46 his or her VOT (5) . Various studies have estimated VOTs from 20 percent to 100 percent of the Burris, Brady traveler's hourly wage rate. However, most literature has suggested that the VOT should be 1 around 50 percent of the hourly wage rate for personal trips (6). For commercial trips, VOT may 2 be as high as 1.7 times the average wage rate (7) . 3 The majority of research efforts in the last 40 years have sought to update VOT using 4 stated-preference (SP) surveys. Travelers being surveyed are generally presented with a set of 5 predetermined, hypothetical travel alternatives and asked to state their preference. For example, 6 would you prefer Option 1, which takes 10 minutes and requires a $2 toll, or Option 2, which 7 takes 15 minutes but has no toll (8) . The results of these surveys are used to develop logit 8 equations that predict mode choice and estimate VOT. Carrion and Levinson (8) and Concas and 9 Kolpakov (5) provide good overviews of VOT research. Despite their differences, both SP and RP studies to date examine driver choices as 30 discrete events, decisions disconnected from the driver's medium-term habits and experiences. 31 Regional transportation models typically model a single day, deriving seasonal and annual 32 results by applying scaling and annualization factors. • Speed limit -Both ML and GPL have the same speed limit on Katy Freeway. At NTE, 40 the MLs have a posted speed limit 10 mph higher than the GPLs. This difference gives 41 the NTE a travel time advantage when both sets of lanes are uncongested. To ensure that no transponder owner could be identified using the transponder IDs, each 4 transponder ID was assigned a unique random ID, and the original transponder IDs were deleted. 5 Therefore, the dataset could never be used to identify specific individuals traveling on Katy 6
Freeway. The dataset could still be used to track the trips of vehicles throughout the three years 7 based on the random ID that each vehicle was assigned. 8 Travel time and distance traveled by freeway travelers were calculated using the time and 9 location of sequential detection of unique IDs. Based on the time of detection and the toll 10 schedule, tolls were assigned to the trips that were detected at toll plazas in the MLs. Vehicles that choose the MLs are required to pay a toll that varies dynamically in real 40 time. Non-tag equipped vehicles and trucks may use the MLs for a higher toll rate. HOVs with 41 two or more occupants and motorcycles can use the MLs for a 50% discount during rush hours 42 and must pay the same toll as SOVs at all other times. To receive the discount, vehicles must 43 electronically self-declare before their trip using a mobile app. 44 NTE maintains AVI sensors located on both the MLs and GPLs along the corridor. FIGURE 2 AVI sensor locations along North Tarrant Express, westbound shown. 8 9 To ensure privacy, the transponder ID records are stored on a secure server and the data 10 anonymized and aggregated before being analyzed. The customer-specific information 11 associated with the tag is maintained by the tag issuer to preclude the possibility of personally 12 identifying customers on the NTE. 
RESULTS
5
The results of this examination of real world travel choices on MLs begins with an examination 6 of the size of the datasets used in the analysis (see Table 1 ). Previous SP and RP studies 7 generally survey a few hundred to a few thousand travelers at most. Previous RP studies are Table 2 shows how frequently a traveler (a unique tag ID) is observed to use the MLs The frequency with which the travelers used the freeway did not appear to substantially What is remarkable about this pattern, which we also observed among choosers in 4 aggregate, is that the price and time savings, even across a wide range, offers little help in July 28, 2017.
CONCLUSIONS AND FURTHER RESEARCH
